Abstract High spin states in the odd-A nucleus 113 In have been investigated using the reaction 110 Pd( 7 Li, 4n) at a beam energy of 50 MeV. A new positive parity dipole band with the configuration of π(g 9/2 ) −1
Introduction
In nuclei with nearly spherical shape, a new type of magnetic dipole band has been discovered in the light cadmium, tin, and indium isotopes [1∼11] . These bands have very unusual properties: (a) the level energies are very regular with no signature splitting following the pattern of ∆E = A(I − I 0 ) 2 [12] ; (b) there are very strong M1 interband transitions and the crossover E2 transitions are very weak or not observed, resulting in large B(M1)/B(E2) rations (≥20 (µN/eb) 2 ) [13] ; (c) the configurations of these bands consist of highj proton particle (or hole) coupled to high-j neutron hole (or particle) and have small quadrupole deformations; (d) the dynamic moment of inertia is small, about 10∼25
2 MeV −1 [14] . These properties are suggested to come from the so-called shears mechanism. In this case, the total angular momentum is generated by the proton and neutron spin (j π and j ν ), which gradually align toward the total angular momentum vector J. Based on the tilted axis cranking (TAC) model [15∼17] , the effective interaction V πν between the protons and the neutrons is extracted, which intuitively reproduce the shears mechanism.
Experimental procedure
In the present work, high-spin states in 113 In were populated through the 110 Pd( 110 Pd and a thickness of 2.4 mg/cm 2 , was rolled onto an Au backing. The γ-γ coincidence measurements were performed using the detecting system consisting of fourteen Comptonsuppressed HPGe detectors. About 1.9×10
8 coincidence events were collected in total and a symmetric matrix and directional correlation ratios of oriented states (DCO) matrix have been constructed.
Results and discussion
The partial level scheme is presented in Fig. 1 . Band 1 built on (27/2 + ) level has been newly established compared with the results in Ref. [18] . This band consists of a sequence of strong dipole transitions. Several connecting transitions of this band including of 729 keV , 1319 keV , 1021 keV , 1166 keV and 1208 keV γ transitions are observed to feed to band 2. Typical coincidence spectra are shown in Fig. 2 . With an E2 assignment for the 1319 keV transition, the state at 5107 keV is assigned I π = (31/2 + ), so band 1 is assigned as positive parity. In addition, considering the high excitation energy of band 1 and the configuration of band 2, a five-quasiparticle configurations of π(g 9/2 )
2 is assigned tentatively to band 1. And this configuration has also been * supported by National Natural Science Foundation of China (Nos. 10105003, 11075064, 11075214, 10927507 supported by the following facts. First, the initial alignment of band 1 is about 4 smaller than that in band 2, which is probably due to the contribution of g 7/2 nucleon pair (see Fig. 3 ). Second, a pair of protons below the Z=50 shell gap alignment for g 7/2 orbit is relatively difficult than neutrons above the 50 closed-shell. Thus, the second alignment is probably attributed to a pair of neutrons. Similar band structures with the configuration of π(g 9/2 )
2 have been widely found in odd A In isotopes [5] . In addition this band has smaller dynamic moment of inertia J (2) value, about 15 2 MeV −1 , and follows the pattern of
where I b is the spin of bandhead (see Fig. 4(a) ). These features are consistent with the characters of shears band. In conclusion, band 1 with the configuration of π(g 9/2 )
should be magnetic rotational band. Based on the TAC model, the detailed calculation method of which is presented in Ref. [19] , the effective interactions of band 1 between protons and neutrons are present in Fig. 4(b) in which the relative energies of states as a function of shears angle are fitted well with function V (θ) = V 0 + 1/2 × V 2 (3cos2θ − 1). It provides a good evidence for band 1 that the coupling between valence nucleus is based on the shears mode. In this case, the interaction strength of band 1 in 113 In is V 2 =1.816 MeV. Taking into account one proton hole and four neutrons as constituent of two blades, we estimate that the interaction strength is about 0.45 MeV for each proton and neutron pair. Similar value of the interaction strength is 0.5 MeV for 110 Cd [19] . The effect due to an increasing contribution from the core is extracted using a linear relation R core = ( R/ I) * (I − I b ) [20] , where I b is the bandhead spin. The results are shown in Table 1 , where contribution of the collective rotation increases gradually with the increase of the rotation frequency. These results are similar to the observation that the signature splitting of magnetic dipole band enlarges with the increase of rotational frequency, as observed in 102 Rh [21] . It is well known that the signature splitting comes from collective rotation, so with increasing spin, the core contribution become larger while the shears mechanism become weaker. 2 configuration is established. According to TAC model, the effective interaction strength for each proton and neutron pair is extracted to be about 0.45 MeV. In addition the effect due to an increasing contribution from the core is extracted using a linear relation R core = (∆R/∆I) * (I − I b ), which represents the result that the collective rotation becomes larger and larger with the increase of the rotation frequency.
